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Chapter VIII
Summary and general  discussion
The use of plasmids as cloning and expression vehicles in a variety of prokaryotes
has been instrumental in our fundamental understanding of bacterial genetics, as
well as in the development of new biotechnological pplications. Plasmid biology has
been studied extensively over the past decades, both in Gram-positive and Gram-
negative bacteria. Research on plasmid replication and maintenance has received
considerable attention in the Gram-positive soil-bacterium B. subÍ71s. Because of its
non-pathogenic nature and very high protein secretion capacity, this organism is of
great value for industrial applications. Besides E. coli, B. subtilis has been well
characterized, both genetically and physiologically, and well-established
transformation- and cloning systems are available.
Until recently, small S. aareus rolling-circle (RC) plasmids were frequently used
as cloning vehicles for 8. subtilis. Although these plasmids are capable of
autonomous replication in this host, they often are highly unstable, both
segregationally and structurally. The recent isolation and characterization of
endogenous RC plasmids from B. subÍ/is has enabled the development of host-
vector systems with highly improved stability characteristics. These plasmids carry
replication functions which are optimal for their natural host and, therefore, ensure
faithful replication and segregation of plasmid molecules during cell division.
Nevertheless, the applicability of these plasmids may still be frustrated by structural
plasmid instability, especially upon insertion of heterologous DNA fragments. To
improve plasmid-based cloning and expression systems, especially for industry,
efforts are stil l ongoing to design vectors which do not suffer from the instability
problems described here. Two approaches can be followed in these attempts. First,
optimization of replication and plasmid-encoded maintenance functions can be
achieved by using endogenous replicons. Also, the use of theta-replicating rather
than RC plasmids can considerably improve the segregational stability of cloning
vectors. Second, manipulation of host-encoded DNA metabolic functions may
improve the structural integrity of both RC and theta-replicating plasmids.
The studies presented in this thesis were aimed at analyzing the molecular mecha-
nism(s) of plasmid deletion formation and the role of host-encoded DNA metabolic
enzymes therein. In Chapter I an introduct ion i  plasmid biology, in part icular with
respect to replication and maintenance in B. subÍilrs, is presented. Possible
mechanisms of structural plasmid instability are discussed with emphasis on the
putative role of DNA recombination and maintenance nzymes in deletion formation.
The results presented in Chapter ll demonstrate that structural plasmid stability
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Summary
can be enhanced by genetic manipulation of the host. Overproduction of the ATP-
dependent nuclease AddAB of 8. subÍilrs, was shown to improve the stability of our
model plasmid system, pGP1, whereas deletion of the genes encoding this
multifunctional enzyme complex resulted in a high level of instability. AddAB
overproduction, up to about 30 times that of the wild-type level, was achieved by
amplification in the chromosome of the addAB genes. The observed stabilization of
pGPl was not associated with alterations in copy number or distribution of the
various forms of the plasmid. Together with the fact that growth differences between
wildtype and overproducing strains were not observed, this indicates that the
differences observed in the overall stability reflect differences in initial deletion
frequencies. We hypothesized that protein-DNA interactions are important in
preventing the formation of plasmid deletions; in this process, the B subunit of
AddAB appears to be essential.
Chapters lll and lV communicate the construction and characterization of a
number of mutants of AddAB, carrying site-directed mutations in the consensus
ATP-binding motifs of the AddA and AddB subunits. In vivo analyses showed that
a mutation of the AddA subunit did not significantly affect pGPl stability, whereas
this strain was severely impaired in homologous recombination and DNA repair
(Chapter ll l). In contrast, a similar mutation in AddB resulted in a high level of
plasmid instability; however, in this background no effect on recombination and DNA
repair was observed. Therefore, it appears that the AddAB-mediated activity
required for pGPl stability can be uncoupled from that essential for homologous
recombination and DNA repair.
In Chapter lV two possible models for pGPl deletion formation are discussed. The
first involves topoisomerase l-dependent breakage-and-reunion, resulting in type I
deletions, defined as rearrangements between non-repeated sequences. Based on
nucleotide sequence analyses of deletion endpoints produced in the various
backgrounds, it was shown that these deletions are predominant in wild-type cells.
ln addAB-deficient strains, a second class of deletions was identified(type ll), the
generation of which appears to involve recombination between short homologous
sequences (4 to 6 bp). We conceive that in the absence of functional AddAB the
initial DNA damage, in this case a double-strand break (DSB), is repaired via an
errcr-prone mechanism, resulting in the deletion of one of the repeats and the
intervening sequences. DSBs are thought to be restored by an AddAB-dependent
repair mechanism in wild-type cells, which involves the concerted activity of the
AddAB-associated helicase and exonuclease functions. Reduced processivity of the
AddAB complex, as supposed to be the case for the B subunit mutant, may explain
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Chapter VIII
the presence of type ll deletions in addition totype lrecombinants in this particular
genetic background. Again, these data imply that the AddB subunit is important in
maintaining the structural integrity of pGP1.
Since the pGPl system described in the first chapters suffered from a number of
disadvantages, which might interfere with the accurate determination of molecular
recombination frequencies, an improved selection vector for deletion formation was
constructed. The development and characterization of this vector, pGPí00, is
described in Chapter V. With this plasmid, recombinants can be selected on the
basis of a dominant rait. This enables the identification of recombinants, without the
need of full segregation of deletion plasmids, as was the case with our previous
assay. Thus, the frequency of mutant progeny, is a measure of molecular
recombination frequencies, rather than the net result of recombination and
segregation. Also, selective groMh advantages of cells carrying recombinant
plasmids were far less than with the pGPl system. This also improves the accurate
measurement of recombination frequencies. Analysis of pGP100 recombinants
isolated from wild-type and raddAB strains indicated that the mechanisms of
deletion formation in this vector are, most likely, the same as in pGP1.
Using the improved vector system, the role of topoisomerase I and RecA in the
formation of type I and type ll deletions, respectively, was analyzed (Chapter Vl).
Overproduction of topoisomerase I resulted in increased deletion formation.
Deletion-endpoint sequencing indicated that DNA topoisomerase I is a likely
candidate for the introduction of the initial DNA lesion in type I deletion events, as
predicted by our model. The role of RecA in the recombinational repair of DSBs was
also investigated. ltappears that in arecA mutant DSB repair is less efficient; type
ll deletions were found frequently and the stability of pGP100 was considerably
lower than in the wildtype. These results support he recombinational repair model
for type ll deletion formation described in Chapter lV.
Final ly,  in Chapter Vl l  (Addendum), a number of parameters involved in the ini t ia l
stages of deletion formation are discussed. Besides transcription activity, secretion
of a plasmid-specified protein appeared to be very important in determining plasmid
stability. We propose that anchoring of the transcription/translation complex to the
cytoplasmic membrane, through the poorly secreted PenP fragment, creates
domains of DNA hypersupercoiling. The latter are thought to constitute the targets
for,  at  least,  type ldelet ion formation. The Tc'gene of pGP100 encodes an integral
membrane protein. The observation that deletions occurred rnainly in the promoter-
region of this gene, underlines that cotranscriptional/cotranslational a choring of
plasmids encoding membrane-bound or extracellular proteins may be a general
cause of structural plasm
ln conclusion. the oreset
plasmid stability in B. sub
of plasmid delet ions wi l l ,  I
evidence could, for ins
recombination events, usi
and AddAB. Analysis of I
activities of the enzyme ril
(the) exonuclease activit
which may be involved
damage, is a prerequisi l
oresented here have incr
and, sofar, our experime
presented in this thesis sl




rants in this particular
;ubunit is important in
)red from a number of
'mination of molecular
Jeletion formation was
s vector, pGP100, is
rn be seÍected on the
:mbinants, without the






I the mechanisms of
s  in  pGP1.
rse I and RecA in the
nalyzed (Chapter Vt).
deletion formation.
? r e r a s e l i s a l i k e l y
I deletion events, as
rl repair of DSBs was
is less efficient; type
00 was conslderably
natÍonal repair model
involved in the initial
on activity, secretion
determining plasmid




rinly in the promoter-
ltional anchoring of
; may be a general
cause of structural plasmid instability.
In conclusion, the present studies indicate that several parameters affect structural
plasmid stability in 8. subÍl/is. Verification of the models proposed for several types
of plasmid deletions will, however, require further experimental evidence. Additional
evidence could, for instance, be obtained from in viÍro simulations of the
recombination events, using purified components, like DNA topoisomerases, RecA
and AddAB. Analysis of the role of the ATP-binding motif of AddB in the catalytic
activities of the enzyme will be included in future studies. Also, the identification of
(the) exonuclease activitie(s), and other host-encoded (DNA-binding) functions,
which may be involved in the establishment and processing of the initial DNA
damage, is a prerequisite to validate these models. Already now, the models
presented here have increased our mechanistic insight in plasmid deletion events
and, sofar, our experimental data are in support of the models. Finally, the data
presented in this thesis show that manipulation of not only vector systems, but also
the host, can be a useful approach to stabilize plasmid cloning and expression
systems.
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